SUMMARY We have quantified intraepithelial lymphocytes in the same biopsy series (21 healthy controls, 14 untreated coeliacs, 15 treated coeliacs, five non-coeliac patients with an abnormal jejunal mucosa) both as counts/100 epithelial cells and using as reference value a fixed area of muscularis mucosae. As expected, the number of intraepithelial lymphocytes/100 epithelial cells was significantly higher in untreated and treated coeliacs than in healthy controls, as well as in untreated when compared with treated coeliac patients. Otherwise, the number of intraepithelial lymphocytes lying in the area of mucosal surface overlying a fixed area of muscularis mucosae was significantly lower in treated and untreated coeliacs, than in healthy controls, as well as in untreated when compared with treated coeliacs. A highly significant inverse correlation was found between the number of intraepithelial lymphocytes/100 epithelial cells and the mucosal surface area measured as surface to volume ratio. When the number of intraepithelial lymphocytes/100 epithelial cells was corrected for differences in surface to volume ratio, the results were very similar to those obtained by a muscularis mucosae related count. In five coeliacs both intraepithelial lymphocyte and enterocyte muscularis mucosae related counts rose after a period of gluten free diet but the mean per cent increase of enterocytes was significantly higher than that of lymphocytes. Our results are compatible with a decrease in the total number of intraepithelial lymphocytes in the entire small bowel in coeliac disease. In untreated coeliac mucosae, however, a derangement in the usual proportions of intraepithelial lymphocytes and enterocytes is evident and may be important in the pathogenesis of coeliac disease.
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The increased number of lymphocytes lying within the jejunal epithelium of untreated coeliac mucosa has been quoted over the years in support of an immunological explanation for the action of gluten. 1-4 Previous methods of measuring intraepithelial lymphocytes, however, namely the number/100 epithelial cells or those found in a given length of the epithelial layer have been recently criticised5 6 as the reference value for the measurement is severely altered in coeliac disease.
We have therefore quantified intraepithelial lymphocytes in the same biopsy series both as counts/100 epithelial cells and using as reference value a fixed area of muscularis mucosae. the routine diagnostic procedure, from 14 adult untreated coeliac patients, 15 adult coeliac patients on a gluten free diet, and five other patients with an abnormal jejunal mucosa (two Whipple's disease, one dermatitis herpetiformis, one Crohn's disease, and one blind-loop syndrome), called 'abnormal controls'. As healthy controls, biopsies were taken from 21 subjects complaining of abdominal symptoms, but in whom detailed investigations showed no evidence of small bowel disease.
After preliminary orientation using a dissecting microscope, sections 4 um thick were prepared stained with haematoxylin and eosin and examined microscopically (Leitz Dialux 20, under x 100 oilimmersion objective).
QUANTITATIVE HISTOLOGY
Intraepithelial lymphocytes were measured (a) by a differential count of at least 500 cell nuclei (epithelial and lymphocyte) and the results expressed as intraepithelial lymphocytes/100 epithelial cells,1 and (b) by counting the total number of intraepithelial lymphocytes lying in an area of mucosal surface overlying a fixed area of muscularis mucosae.6 Using an ocular linear graticule, lymphocytes were counted in the surface epithelium overlying an area of muscularis mucosae defined by the length of the graticule (60,um) and the thickness of the section (4,um). Fifteen such areas were counted to give a total area of 36OO,m2, called the 'test area'. Only one out of three adjacent sections was studied to ensure that no cell was counted twice. In order to verify a possible relationship between intraepithelial lymphocyte counts/100 epithelial cells and a reduction in the area of surface epithelium, we related our counts to the measurement of surface to volume ratio. 7 The mean and range of surface to volume ratio for the four groups of patients studied are shown in the Table. In five coeliac patients we also measured the number of lymphocytes and enterocytes in the test area before and after a gluten free diet (mean duration of the diet: six months).
STATISTICS
The results were analysed by the Wilcoxon's rank sum test for unpaired data and by the Spearman's rank correlation test.
Results
Intraepithelial lymphocyte counts/100 epithelial cells are shown in Fig. 1 abnormal controls and both coeliacs and healthy controls. The lowest value of the control range was 65-0 intraepithelial lymphocytes per test area.
The number of intraepithelial lymphocytes/100 epithelial cells plotted against the surface to volume ratio is shown in Fig. 3 . There was a significant inverse correlation between these two parameters. We then corrected the number of intraepithelial lymphocytes/100 epithelial cells for the surface to volume ratio according to the formula intraepithelial lymphocytes x observed surface to volume ratio control surface to volume ratio where the control surface to volume ratio was the mean value obtained in the healthy control group. The number of intraepithelial lymphocytes/100 epithelial cells corrected using this formula is shown in Fig. 4 . The number of intraepithelial lymphocytes was significantly lower in treated and untreated coeliacs and in abnormal controls than in healthy controls. Levels in untreated coeliacs were significantly lower than in coeliacs on a gluten free diet but there was no difference between abnormal controls and both the groups of coeliacs.
In five coeliac patients the number of intraepithelial lymphocytes and enterocytes per test area was counted before and after gluten free diet. The results are shown in Fig. 5 . Both the parameters rose after treatment but the mean per cent increase, calculated according to the formula no of cells after diet -no of cells before diet x 100, no of cells after diet of the enterocytes (60.4) was significantly higher than that of lymphocytes (37.9) (p<002). Moreover, the mean intraepithelial lymphocytes to enterocytes ratio before gluten free diet (0.55) was significantly higher (p<002) than after diet (0.36).
Discussion
We have confirmed the apparent increase in intraepithelial lymphocytes which occurs both in untreated and treated coeliacs by counting their number/100 epithelial cells.'
By counting intraepithelial lymphocytes in a surface epithelial area defined by a fixed area of muscularis mucosae we confirmed their decrease in untreated coeliacs as found by Marsh,6 but also found a significant decrease in treated coeliac disease, which diverges from Marsh's findings. Nevertheless, in Marsh's series intraepithelial lymphocyte values in treated patients were lower than in controls and the lack of significance might perhaps be because of the small number of cases (four) studied. Guix et al,S who also used a 600- group.bmj.com on June 25, 2017 -Published by http://gut.bmj.com/ Downloaded from muscularis mucosae related count, did not find any difference in intraepithelial lymphocyte number between coeliacs and controls. The discrepancy between their results and our finding of decreased intraepithelial lymphocytes in coeliac disease may be only apparent and might be ascribed to their counting of lymphocytes within crypt epithelium which is hyperplastic in coeliac disease.
Thus, by both methods a good separation between coeliacs and healthy controls was obtained, confirming that both may be useful in diagnostic pathology. As the results obtained by these two methods of counting are diametrically opposed, however, the question as to whether or not intraepithelial lymphocytes are actually increased or decreased in coeliac mucosa remains to be clarified. It has been suggested that in coeliac mucosa intraepithelial lymphocytes are merely crowded as a result of reduction in surface area.6 Although previous papers have not shown a correlation between intraepithelial lymphocyte count and the severity of villous atrophy assessed subjectively,8 9 the comparison of intraepithelial lymphocytes with surface to volume ratio has provided more contrasting results. A significant correlation was found by Glasgow et al,10 while De Peyer et al1' comparing the two parameters found a virtually random distribution. Our findings show a highly significant inverse correlation between the number of intraepithelial lymphocytes/100 epithelial cells and surface to volume ratio, and by correcting the former parameter for differences in surface to volume ratio, the results were very similar to those obtained using a muscularis mucosae related count of intraepithelial lymphocytes. Nevertheless, we cannot conclude that in coeliac disease the apparent increase of intraepithelial lymphocytes is merely a direct consequence of diminished surface area: a third phenomenon, for instance gluten intake, may well be responsible for both changes. Using the muscularis mucosae related counts, our results and those of Marsh are compatible with a decrease in the total number of intraepithelial lymphocytes in the entire small bowel in coeliac disease but we agree with Ferguson' '7 are an activated population in untreated coeliac mucosa.
In conclusion, our data, even though in agreement with Marsh6 as far as a global decrease of intraepithelial lymphocytes in the entire small bowel is concerned, show that in untreated coeliac mucosa there is a derangement in the usual proportions of intraepithelial lymphocytes and enterocytes. We suggest that this imbalance is important in the local immune reaction to gluten in coeliac disease. 
